We remind the reader of the meaning and achievements of infraparticles which, although themselves not necessarily of zero mass, require the presence of zero mass in order get delocalized states with a singularity at the mass shell which is amalgamated with the continuum. These objects were recently rediscovered under the name unparticles pointing to their not being usual Wigner particles. The case of infraparticles also encompasses particle-like objects in conformal QFT when all multiparticle thresholds coalesce on top of each other. The infraparticle research has led to deep results and the recently discovered string-localized vector potentials have led to new interesting aspects of the infraparticle problem which are presently being investigated.
1 Why the setting of the old infraparticles also covers the new "unparticles"
In 1963 a new concept for particles which went beyond the Wigner classification was introduced [1] ; the name "infraparticles" chosen for these new particle-like states referred to the cloud of excitations in the infrared regime which prevented the formation of a mass shell. Whereas for quantum field theories which had a mass gap (and therefore contained irreducible one-particle components in their representation of the Poincaré group) the Wigner representation-theoretical definition was completely adequate and the derivation of (LSZ) scattering theory led to a full structural understanding of the Hilbert space as a Wigner-Fock multiparticle space, there were also models without mass gaps which did not fit this setting.
One family of models which led to the notion of infraparticles were conformal QFT. There was the uneasy feeling that if one imposes a Wigner zero mass representation structure, there would be no conformal interaction at all which later turned out to be justified [2] . So in order to implement interactions one must admit conformal fields with anomalous dimensions and hence one again encounters a continuous mass spectrum in the Kallen-Lehmann two-point function leading to the infraparticle situation.
With massive theories one can escape this conclusion if the interacting twopoint function consists of a mass shell part and a continuum contribution which starts at a value above the mass shells, whereas the scale invariance of a conformal model is incompatible with such a mass gap. The Hilbert space positivity forces the scale dimension of a field to be bigger (or equal) to its canonical (free field) value [2] which means that the singularity on the momentum space forward light cone is weaker than a delta function. There is an accumulation of singular mass spectrum on the mantle of the forward light cone; but in contradistinction to a zero mass on-shell delta function one finds that the multi-particle continuum has been inexorably amalgamated with the zero mass singularity. This leads to a vanishing of the large time LSZ limits and hence there is no LSZ time dependent scattering theory and as a consequence one cannot compute cross sections via the S-matrix and last not least the Hilbert space does not have the structure of a Wigner-Fock multiparticle space.
Recently the infraparticle issue surfaced again but this time under the name "unparticles" [3] [4] . The main purpose of this paper is to convince the reader that despite the different motivations the concepts are the same. As a result people who work on unparticle issues will in case of interest have access to the very rich and conceptually developed literature about infraparticles and the associated radical modification of scattering theory. In the following the name infraparticles may also be red as infra/un particles but in preferring the old name infraparticles we are not only following history: the prefix un is bit unspecific i.e. void of any physical connotation (but still better than capital latin letters!). At the end their will be some remarks on why we believe that such constructions are not radical enough in order to account for dark matter.
This raises the question whether one can at all extract from conformal theories observable particle physics informations about the real world. The standard argument why this should be possible is that in the scaling limit of a theory with mass gaps (and therefore with a well-defined scattering theory) will be a conformal QFT in which all multiparticle thresholds collapse on top of each other. Although it does not retain detailed information of the original theory since the critical limit represents a whole universality class of massive theories, one expects that one still can extract highly inclusive cross section [2] in which these differences average out.
A different and physically more important realization of infraparticles comes about when massive particles interact with massless ones. Whether one can apply Wigner particles and LSZ scattering theory or not depends on the strength of the interaction in the infrared regime. In the case of a Yukawa interaction of a zero mass pion with massive nucleon interaction the standard setting works. In the case of QED however the infrared photons amalgamate together with the electron to a continuous mass spectrum on whose lower end of the mass -shell i.e. at p 2 = m 2 one finds a singularity which is a bit weaker than a delta function as requires by positivity and which is inexorably linked with the infrared photon continuum.
A scattering theory which aims directly at inclusive scattering probabilities and which contains the standard scattering theory based on mass gaps and Wigner particles exists at least in parts [5] . Its characteristic feature is that in contrast to the standard LSZ 'theory one is required to think much more of what constitutes a particle detector in the setting of QFT. An important role is played by the concept of particle weights on the subalgebra of counters [8] .
Here we will not present computations involving infraparticles since on the one hand there exists an extensive literature and last not least this would go much beyond the limited aim expressed in the title of this article. However it is interesting to note that there is an ongoing radical revision of gauge theory which in a way offers a much better understanding of the quantum delocalization of electric charges and its connection with the infraparticle structure. As a result of its shedding new light on little studied aspects of gauge theory it also leads to a new outlook on dark matter in rather unconvertional corners of the conventional standard model setting This will be explained in the following paragraph.
Interactions with string localized massless vector potentials and infraparticles
There are two ways to deal with interactions of zero mass finite helicity fields. Either the standard gauge theoretical setting in which one circumvents the nonexistence of pointlike potential associated to well-defined pointlike field strengths 1 in a indefinite metric space containing ghosts, or one stays with the Hilbert space structure of QT and accepts semiinfinite stringlike localized potentials. Such a stringlike vector potential is described by a field A µ (x, e) with a commutation relation which makes the causal spacetime localization on the halfline x + R + e explicit [6] .
The A µ is a free field which fluctuates both in x and the string direction described by a spacelike unit vector e (a point on unit 3-dim. de Sitter space). In other words e is not a (gauge) parameter but a localization variable in which the field fluctuates. The upshot of this two-fold fluctuation is that the short distance dimension in x which for a pointlike massive vector field is sdd=2 will now be reduced to 1. Perturbation theory with strings instead of pointlike objects presents some new problems (in particular the Epstein-Glaser iteration is different) but at least the power counting aspect fulfills the prerequisites of renormalizability.
Why wasn't´that seen in gauge theory? Well in some sense it was noticed under the label "axial gauge" but unfortunately the reading of e as a gauge parameter led to insoluble infrared problems in loops involving vectorpotentials and as a consequence the axial gauge setting never led to useful perturbative calculations. The fluctuating string interpretation explains these infrared problems and suggests how to do perturbation theory with objects which are distributions in x and e 2 . Correlations for electromagnetic field strengths i.e. without external charge lines are independent of the e's, whereas those involving charge operators have a strong dependence on the string directions. This shows that the string localized setting replaces gauge invariance by e-independence which turns out to be the same as pointlike localizability An economical way of taming infrared divergencies consists in using one test function in de Sitter space centered around a chosen direction e, so that the correlation function of charged operators only depend on one 3-dim. smearing functions and the infrared behavior can be studied in the delta function limit. Although the correlations of charge-carrying operators are well-defined, they do not belong to the algebra of local observables. They are rather somewhat delocalized physical operators since there are no ghosts in this setting. This means that their relative commutator of charge-carrying operators with local observables falls off but does not vanish for large but finite spacelike direction [7] [8] .
The nonlocal infraparticle behavior of charge-carrying operators and states as well as their spontaneous broken Lorentz covariance depends on the string direction. Strictly speaking only the neutral field strength correlation are Linvariant in the usual Wightman sense. In his new semiinfinite string setting the compactly localizable (pointlike generated) are exactly equal to the gauge invariant variable of the standard approach. But whereas the old question why can there be no gauge-choice dependent physical variable may provoke different answers, the string setting gives a unambiguous answer by replacing the classical gauge principle by the quantum locality principle.
It turns out that the infraparticle story is part of a larger setting in which semiinfinite string fields appear which, unlike a string localized abelian vectorpotential which can be written as a semiinfinite line integral over a field strength, cannot be approximated by approximated by local observables. In that case there will be objects which carry energy-momentum but remain invisible in that they cannot be produced from normal matter. They may be even inert with respect to Araki-Haag infraparticle counters. Even if one starts with a There are also problems to register such strings in Araki-Haag counters. So these semiinfinite strings are the ideal objects for dark matter, but only if it is sufficiently dark (no pair production from ordinary matter). On the other hand the delocalization of infraparticles/unparticles is not strong enough to make them inert in fact charged particles like electrons are extremely visible. Similar to WHIMPS which do not belong to the standard model particle set but are certainly standard Wigner particles, they can at best be "gray" but not dark. By playing with coupling strength and allowing metaphoric arguments about interactions involving noncanonical conformal fields, one can perhaps come to darkness in the FAPP (for all practical purpose) sense but one will not get to its conceptual roots.
I have explained elsewhere that these string have nothing in common with 2 In the string description of the vectorpotentials the infrared divergencies in charged states result from the ultraviolet divergencies in the directional 3-dim. de Sitter space.
the objects of string theory [9] . The latter are (in their free Nambu-Goto form) pointlike localized fields which, in distinction to ordinary fields, have a larger cardinality of mass and spin values (an infinite mass and spin "tower") and are described by special generalized free fields 3 with a spin spectrum. The meaning of string in string theory is metaphoric and helps to formulate interactions in terms of Euclidean "tubism" (splitting and recombining tubes).
